Abstract-In some cases, knowing the gender of fingerprint owner found in criminal or disaster scene is advantageous. Theoretically, if the number of the male and female fingerprints in a database is equal, then the identification process of a fingerprint on that database would be two times faster. Some methods have been used to classify gender based on the fingerprint. Most of the method is based on ridge density. This method showed good result. However, it is sensitive to the location of the fingerprint area where ridge density is determined. This paper reviews some literature that used wavelet transform to generate features of a fingerprint. As far as what we found in literature, the number of papers on this topic is very limited. However, based on the literature we reviewed, wavelet transform gives some advantages compared to ridge density counting.
INTRODUCTION
It is desirable to find features that can be used to determine people's gender. In general, it is believed that male and female have unique physical characteristics, such as fingerprint, palmprint, and face. Even in [1] and [2] writers reported that male and female shows the difference in the way they talk or walk. When gender can be detected based on their physical characteristics, unknown criminal or victims of natural disasters can be identified faster.
As one of the biometrics means, the fingerprint commonly classified into five major classes, namely whorl, left-loop, right-loop, arch and tented arch. It is advantageous when fingerprints further classified based on the gender of its owner. Furthermore, when the gender of the fingerprint is known then extracting and matching modules can be developed properly [3] .
Many researchers have taken a close look to find fingerprint features that can be used to classify gender. They commonly determine ridge related features [4] , [5] , analyze frequency domain [6] , and implement 2D Discrete Wavelet Transforms [7] .
In this paper, we reviewed some literature that used wavelet transform to classify fingerprint based on its gender. Before that, we shortly reviewed some literature that used ridge features to do the same goal.
II. GENDER CLASSIFICATION BASED ON RIDGE DENSITY
Fingerprint has some features such as core, delta, ridge, and bifurcation, as seen in Fig. 1 .
Core and delta, when existing, their relative position can be used as a feature. Ridges have more features such as thickness, orientation, and density. Meanwhile, bifurcations have orientation angles. These features are very helpful when the classification is done manually. However, when the classification is conducted manually, some preprocessing are needed.
Some researchers choose ridge density as a feature to classify gender. Acree [8] questioned if there is a gender difference in ridge density. To find the answer, he used 400 fingerprints picked randomly from 100 Caucasian males, 100 females, 100 African American males and 100 African American females within the age range of 18 -67. He reported that women tend to have higher ridge density than men. Furthermore, he wrote that a ridge density of 11 ridges/25 mm or less tends to be a male, whereas fingerprint with a ridge density of 12 ridges/25 mm or greater tends to be the female.
In India, Gungadin [9] observed a relationship between gender and ridge density by using 250 male and 250 female fingerprints taken in Karnataka, the southern part of India. He chooses the upper area of fingerprints within a square of 5 mm × 5 mm to determine the ridge density. He reported that fingerprint having less than 13 ridges/25 mm2 more likely owned by a male, whereas a fingerprint having more than 14 ridges/25 mm2 is more likely owned by a female. He claimed that the result supported the hypothesis that male fingerprints tend to have lesser number of ridge compared to females.
In Spanish, Gutierrez-Romero, et al. [10] tried to prove that gender deferences based on fingerprint do exist. They collected all ten fingerprints of 100 males and 100 females of Spanish as a sample. To determine the ridge density, they used a square of 5 mm × 5 mm area in three well-defined locations, namely radial, ulnar and lower.
The result of their research demonstrated that significantly women tend to have higher ridge density than men.
The research of gender classification based on fingerprint was conducted in some countries, such as in sub-Saharan region [11] , Turkey [12] , [13] , Thai [14] , Malaysia [15] and much more.
All of the researchers mentioned above admitted that their findings are in a limited area. However, they believed that their finding is applied to another areas or countries. One of the advantages of this method is that classification can be done directly without using classification method.
Most of the methods chosen the specific location of the fingerprint and calculation of the ridge density calculated manually. Computer technology used only to enlarge fingerprint images and to calculate the result. When this method is applied in a computer program, needs much computation.
It is advantageous if all feature extraction and classification can be processed entirely using a computer. In this case, frequency domain analysis shows promising method. One of the methods is wavelet transform.
III. GENDER CLASSIFICATION BASED ON WAVELET
Wavelet can be used to extract features of the fingerprint. Extracting fingerprint features using wavelet decomposition gives some advantages. Today there are some wavelet transformations available. Furthermore, codes or even toolboxes available in major programming languages. These are some reasons why some researchers proposed the method to classify gender based on the fingerprint. The role of transformation or decomposition is to generate some values that can be used to standardize the threshold. By using the threshold, classification can be done. The process of features generation using wavelet is as follows. Fingerprints are decomposed using a wavelet and resulting in some components. The number of components determined by the wavelet that used and the level of decomposition. Today there is some wavelet that can choose, such as Haar, Daubechies. The resulted components are used as a feature vector. By using the vector, the fingerprint can be classified using any classification methods.
Follows are some paper that reported the use of wavelet transformation to classify gender.
Shinde and Thepade [16] surveyed some gender classification based on a fingerprint that using wavelet decomposition. They analyze the gender of an individual by implementing Discrete Wavelet Transform (DWT) and Singular Value Decomposition (SVD). The feature is generated by extracting the energy of all the sub-bands of DWT combined with the spatial features of non-zero singular values of the SVD of the fingerprint. They used 1000 fingerprints composed of 500 male and 500 female samples respectively. To clarify the gender, they implemented K nearest neighbor (KNN). The result of their work showed that the method gave accuracy up to 80.40% for male and 76.84% for female.
Kaur and Mazumbar [6] using Fast Fourier Transform (FFT), Discrete Cosine Transform (DCT), and Power Spectral Density (PSD) to generate fingerprint features. They argued that these transformations generate most of the information of the spatial domain image. This information can be used as features to estimate the gender by comparing them with predefined values. To prove the hypothesis they used 220 fingerprints composed of 110 female and 110 males. The predetermined values are set based on 50 chosen female and male fingerprints. The result of their research showed that the method gave 90% accuracy on 110 female samples and 79.09% on 110 male samples.
Gnanasivam and Muttan [17] implemented level 6 Discrete Wavelet Transform (DWT) and Singular Value Decomposition (SVD) to classify gender based on the fingerprint. They combined the energy of sub-band of DWT and the spatial features of non-zero singular values obtained from SVD as input to K nearest neighbor (KNN). They implemented the method to classify 3570 fingerprints composed of 1980 male and 1590 female fingerprints. All fingerprints are taken from all ten fingers. They used 2/3 of them to train the system, and the rest was used in the classification stage. They reported that the method achieved an accuracy of 91.67% for male and 84.69% for female. Furthermore, they reported that little fingerprints showed higher success rate compared to other fingers.
Tom and Arulkumaran [7] used 2D-Discrete Wavelet Transform (DWT) combined with Principal Component Analysis (PCA) to generate a vector feature. By using this feature, they classify gender fingerprints by implementing the minimum distance method. They used fingerprints of 200 males and 200 females of various age groups. They reported that the success rate of the method is around 70%.
IV. DISCUSSION AND CONCLUSION
So far the common method to gender classification based on a fingerprint are use ridge density. They showed good result and used in some different countries. However, the methods need some preprocessing to enhance the clarity of the fingerprint. The enhancement is needed because most of the classification process was done manually. Although some researchers used automatic classification, however, the result was lower compared to manually classification.
Implementing wavelet transform to classify fingerprint based on its gender is promising. Some literature reported that wavelet transformation gives good result in generating features.
The methods can be implemented without using preprocessing. The methods work in the frequency domain, so the position or the orientation of the fingerprint are relatively
